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(57) Abstract: An electrolyte composition and method for planarizing a surface of a wafer using the electrolyte composition is 
provided. In one aspect, the electrolyte composition includes ammonium dihydrogen phosphate, diammonium hydrogen phosphate, 
or a mixture thereof. The composition has a pi I between about 3 and about 10 which is environmentally friendly and does not present 
hazardous operation concerns. The composition may further comprise one or more additives selected from a group consisting of 

£>■ ben7X)triazole, ammonium citrate, ethlylenediamine, tetraethylenepentamine, triethylenetetramine, diethylenetriamine, amino acids, 
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ELECTROLYTE COMPOSITION AND TREATMENT FOR ELECTROLYTIC 
CHEMICAL MECHANICAL POLISHING 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present invention relate to electrolytic chemical 
mechanical polishing. More particularly, embodiments of the present invention relate 
to an electrolyte solution for copper removal and a method for removing copper ions 
therefrom. 

Background of the Related Art 

[0002] Reliably producing sub-half micron and smaller features is one of the key 
technologies for the next generation of very large scale integration (VLSI) and ultra 
large-scale integration (ULSI) of semiconductor devices. However, as the limits of 
circuit technology are pushed, the shrinking dimensions of interconnects in VLSI and 
ULSI technology have placed additional demands on the processing capabilities. 
Reliable formation of these interconnects is important to VLSI and ULSI success and 
to the continued effort to increase circuit density and quality of individual substrates 
and die. 

[0003] Multilevel interconnects are formed using sequential material deposition 
and material removal techniques on a substrate surface to form features therein. As 
layers of materials are sequentially deposited and removed, the uppermost surface of 
the substrate may become non-planar across its surface and require planarization 
prior to further processing. Planarization or "polishing" is a process where material is 
removed from the surface of the substrate to form a generally even, planar surface. 
Planarization is useful in removing excess deposited material and removing undesired 
surface topography and surface defects, such as rough surfaces, agglomerated 
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materials, crystal lattice damage, scratches, and contaminated layers or materials to 
provide an even surface for subsequent lithography and processing. 



[0004] Electrochemical mechanical polishing (ECMP) is one method of planarizing 
a surface of a substrate. ECMP removes conductive materials from a substrate 
surface by electrochemical dissolution while polishing the substrate with a reduced 
mechanical abrasion compared to conventional chemical mechanical planarization 
(CMP) processes. A typical ECMP system includes a substrate support and two 
electrodes disposed within an electrolyte containment basin. In operation, metal 
atoms on a surface of a substrate are ionized by an electrical current from a source of 
potential, such as a battery or other voltage source connected to the two electrodes. 
The metal ions dissolve into the surrounding electrolyte solution at a rate proportional 
to the electric current. The metal ions from the substrate (anode) either plate the 
electrode (cathode), fall out of the solution as a precipitate, or remain in the solution. 
The destiny of the metal ions depends greatly on the chemistry of the metals and the 
solution. 

[0005] One problem associated with ECMP techniques is safely handling the 
conventional electrolyte solution. A conventional electrolyte solution typically contains 
various performance enhancing additives and electrolytes. Common electrolytes 
contain strong acids having a pH less than or about 1.0, such as sulfuric acid and 
phosphoric acid, for example. These acidic electrolytes are corrosive and are difficult 
to handle safely. 

[0006] Highly acidic electrolytes also interfere with additives of the electrolyte 
solution, thereby inhibiting or canceling the beneficial effects of the additive. In 
particular, metal ions from the substrate tend to chemically bond to the certain 
additives which alters the reactive or chemical characteristics of the additive. One 
common solution is to add more of the depleted additive. However, this approach is 
difficult to control or regulate in a continuous processing system. Additionally, the 
amount of additive to be added is difficult to quantify since the rate of depletion is 
dependent on several processing parameters that are difficult to monitor and quantify. 

[0007] There is a need, therefore, for an electrolyte composition containing less 
hazardous components and less acidic components. There is also a need for a 
method of continously using an electrolyte composition. 
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[0008] An electrolyte composition and method for using the same is provided 
which can planarize copper electrochemically. The electrolyte composition has a pH 
of about 3 to about 10 and comprises a phosphate system. In one aspect, the 
phosphate system comprises ammonium dihydrogen phosphate, diammonium 
hydrogen phosphate, or a mixture thereof. The composition may further comprise one 
or more additives selected from the following group: suppressors, enhancers, levelers, 
inhibitors, brighteners, chelating agents, and stripping agents. More particularly, the 
one or more additives may include benzotriazole, ammonium citrate, ethlylenediamine, 
tetraethylenepentamine, triethylenetetramine, diethylenetriamine, amino acids, 
ammonium oxalate, ammonia, ammonium succinate, and citric acid. 

[0009] In one aspect, a method for ECMP is provided which includes connecting a 
wafer to a positive terminal of an electrical power source, disposing the wafer in an 
electrolyte composition and removing materials from the surface of the wafer. The 
electrolyte composition may include ammonium dihydrogen phosphate, diammonium 
hydrogen phosphate, or a mixture thereof. The electrolyte composition may also 
include one or more additives selected from the following group: benzotriazole, 
ammonium citrate, ethlylenediamine, tetraethylenepentamine,. triethylenetetramine, 
diethylenetriamine, amino acids, ammonium oxalate, ammonia, ammonium succinate, 
and citric acid. Preferably, the removed materials are copper ions. 

[0010] In another aspect, the method further includes flowing the electrolyte 
composition through an ion exchange resin to remove the conductive ions from the 
solution, and recycling the electrolyte composition to the wafer. Preferably, the ion 
exchange resin comprises a chelating agent that is specific to copper atoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited aspects of the invention are 
attained and can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to the embodiments thereof which 
are illustrated in the appended drawings. 

[0012] It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and, therefore, are not to be considered limiting of its 
scope, for the invention may admit to other equally effective embodiments. 
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[0013] Figure 1 is a partial section view of a POLISHING process station 102 
useful for practicing the methods described herein. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0014] The words and phrases used herein should be given their ordinary and 
customary meaning in the art by one skilled in the art unless otherwise further defined. 
Chemical polishing should be broadly construed and includes, but is not limited to, 
planarizing a substrate surface using chemical activity. Electropolishing should be 
broadly construed and includes, but is not limited to, planarizing a substrate by the 
application of electrochemical activity. Electrochemical mechanical polishing (ECMP) 
should be broadly construed and includes, but is not limited to, planarizing a substrate 
by the application of electrochemical activity, mechanical activity, or a combination of 
both electrochemical and mechanical activity to remove material from a substrate 
surface. Anodic dissolution should be broadly construed and includes, but is not 
limited to, the application of an anodic bias to a substrate directly or indirectly which 
results in the removal of conductive material from a substrate surface and into a 
surrounding electrolyte composition. 

[0015] An electrolyte composition 220 that can planarize copper is provided. The 
electrolyte composition 220 has a pH of about 3 to about 10. Although the electrolyte 
composition 220 is particularly useful for removing copper, it is believed the electrolyte 
composition 220 also may be used for the removal of other conductive materials, such 
as aluminum, platinum, tungsten, titanium, gold, and silver, for example. 

[0016] The electrolyte composition 220 is an aqueous solution and includes 
phosphate systems, derivatives thereof, and mixtures thereof. Preferably, the 
electrolyte composition 220 includes a phosphate system, such as ammonium 
dihydrogen phosphate (NH4H2PO4), diammonium hydrogen phosphate ((NH 4 )2HP0 4 ), 
phosphoric acid, or a mixture thereof, in amounts of about 2 to about 30 percent by 
weight in volume of total solution. In another aspect, the electrolyte composition 220 
includes dihydrogen phosphate and/or diammonium hydrogen phosphate in amounts 
of about 15 to about 25 percent by weight in volume of total solution. In yet another 
aspect, the electrolyte composition 220 includes dihydrogen phosphate and/or 
diammonium hydrogen phosphate in an amount of about 20 percent by weight in 
volume of total solution. 
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(001 7] The electrolyte composition 220 may also include a base compound such 
as potassium hydroxide (KOH) for example, to adjust the pH of the composition 220. 
The base compound may be added in quantities less than about 70 percent by weight 
in volume of total solution. 

[0018] The electrolyte composition 220 may further include one or more additives 
that adsorb onto the surface of the substrate. Additives may include levelers, 
brighteners, inhibitors, suppressors, enhancers, and surfactants, for example. Certain 
additives may decrease the ionization rate of the metal atoms, thereby inhibiting the 
dissolution process, whereas other additives may increase the dissolution rate of the 
removed metal ions, thereby increasing the removal rate of the metal. Various 
additives may also provide a finished, shinny substrate surface. 

[0019] The additives may be present in the electrolyte composition 220 in 
concentrations up to about 15% by weight in volume of total solution. Useful additives 
include one or more chelating agents having amine groups, amide groups, carboxylate 
groups, dicarboxylate groups, tri-carboxylate groups, or combinations thereof. For 
example, the chelating agents may include tetraethylenepentamine, 
triethylenetetramine, diethylenetriamine, ethlylenediamine, amino acids, ammonium 
oxalate, ammonia, ammonium citrate, citric acid, and ammonium succinate. The 
additives may also include organic compounds with azole groups such as 
benzotriazole (BTA), for example. 

[0020] In one aspect, BTA is added to the electrolyte composition 220 in amounts 
of about 0.01 to about 2 percent by weight in volume of total solution, and ammonium 
citrate is added to the electrolyte solution in amounts of about 0.1 to about 15 percent 
by weight in volume of total solution. In another aspect, BTA is added in amounts of 
about 0.05 to about 0.5 percent by weight in volume of total solution, and ammonium 
citrate is added in amounts ranging from about 7 to about 10 percent by weight in 
volume of total solution. In yet another aspect, BTA is added to the electrolyte 
composition 220 in amounts of about 0.01 to about 2 percent by weight in volume of 
total solution, and ethylenediamine (EDA) is added to the electrolyte solution in 
amounts of about 2 to about 15 percent by weight in volume of total solution. 

[0021] Although the electrolyte composition is thought to be useful with ECMP, 
electropolishing, and chemical polishing systems, the electrolyte composition may be 
used particularly to advantage in an ECMP process station. A typical ECMP process 
station is a modified cell on an Electra® Cu Integrated ECP system, available from 
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Applied Materials, Inc. of Santa Clara, California. A typical ECMP process station may 
also be a modified platen on an Reflexion®/Mirra® Integrated CMP system, both 
available from Applied, Inc. of Santa Clara, California. 

[0022] Figure 1 illustrates a partial section view of a polishing station 102. As 
shown, the polishing station 102 generally includes a basin 202, a first electrode 204, 
a second electrode 207, a cover 208, and a polishing head 130. The polishing head 
130 provides support for a wafer/substrate 114 disposed thereon. Although the 
polishing station 102 depicts a wafer "face down" configuration, the electrolyte 
composition 220 may also be used to advantage within a processing chamber utilizing 
a wafer "face up" configuration. In this alternative configuration, the wafer would rest 
with its plating side up and the pad would be disposed on the plating surface of the 
wafer. 

[0023] Referring to Figure 1 , the first electrode 204 is disposed within the basin 
202 and is a conventional electrode having a reactive bias applied thereto to act as a 
cathode. The first electrode 204 may be made of the metal to be removed from the 
substrate 114, which may consist of aluminum, copper, gold, silver, or tungsten, for 
example. Accordingly, for copper removal, the first electrode 204 consists of copper 
containing materials. 

[0024] The second electrode 207 is also disposed within the basin 202 and may 
take the form of a polishing media 205 supported on a lower surface by a perforated 
disc 206. The polishing media 205 is used to apply a uniform bias to the substrate 
surface without the use of a conventional bias application apparatus, such as an edge 
contact. The polishing media 205 can be a pad, web, or belt of material that includes 
a partially conductive surface for contact with the substrate surface during processing. 
The partially conductive surface of the polishing media 205 may include materials, 
such as conductive polymers, polymer composites with conductive materials, 
conductive metals, conductive fillers, conductive doping materials, or combinations 
thereof. The partially conductive surface of the polishing media 205 may also be a 
composite of a conductive polishing material disposed in a conventional polishing 
material, such as a polymer-noble metal hybrid material like a platinum-polymer hybrid 
material. The partially conductive surface of the polishing media 205 is described in 
more detail in the co-pending provisional U.S. Patent Application, serial no. 
60/286,107, entitled "Conductive Polishing Media For Electrochemical Mechanical 
Polishing", filed on April 24, 2001, which is incorporated by reference herein. 
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[0025] The basin 202 can be a bowl shaped member made of a plastic such as 
fluoropolymers, TEFLON®, PFA, PE, PES, or other materials that are compatible with 
electroplating and electropolishing chemistries. The basin 202 has a bottom 210 that 
includes an aperture 216 and a drain 214. The aperture 216 is generally disposed in 
the center of the bottom 210 and allows a shaft 212 to pass there-through. A seal 218 
is disposed between the aperture 216 and the shaft 212 and allows the shaft 212 to 
rotate while preventing fluids disposed in the basin 202 from passing through the 
aperture 216. 

[0026J The electrolyte composition 220 is disposed in the basin 202 and generally 
flows through the drain 214 into a fluid recycle system 272. The fluid recycle system 
272 includes a reservoir 233, filter 240, recycle pump 242, and one or more ion 
exchange systems 250. The electrolyte composition 220 flowing into the fluid recycle 
system 272 is collected in the reservoir 233. The pump 242 transfers the electrolyte 
composition 220 from the reservoir 233 through a supply line 244 to the nozzle 270 
where the electrolyte composition 220 is recycled to the polishing station 102. The 
filter 240 may be disposed between the reservoir 233 and the nozzle 270 to remove 
particles and agglomerated material that may have collected in the electrolyte 
composition 220. Optionally, the filter 240 may be disposed between the pump 242 
and the ion exchange system 250. 

[0027] The one or more ion exchange systems 250 remove copper ions from the 
electrolyte composition 220 by a physical or chemical adsorption process. The ion 
exchange system 250 includes any ion exchange resin capable of capturing copper 
from the electrolyte composition 220 without affecting the electrolytic properties of the 
composition 220. The ion exchange resin preferably consists of an aminopyridine 
functionality on a polymer matrix resin. In one aspect, resins are those having a 
bispicolylamine functionality or an N-(2-hydroxypropyl) picolylamine functionality. For 
example, two such resins are commercially available under the trade names Dowex 
4195 and Dowex XFS 43084 from the Dow Chemical Company located in Midland, 
Michigan. The former has a bispicolylamine functionality and the latter has an N-(2- 
hydroxypropyl)picolylamine functionality. 

[0028] The ion exchange resin has a strong affinity for copper ions. Thus, copper 
ions are removed from the electrolyte composition 220 as the composition 220 flows 
through the ion exchange system 250. After a period of use, the resin may be 
regenerated by flowing a regeneration fluid such as an aqueous solution of ammonium 
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hydroxide or acid through the ion exchange system 250. In one aspect, the recycle 
system 272 includes at least two ion exchange systems 250 in series or parallel so 
that a first system 250 may be regenerated while a second system 250 remains in 
operation. This way, the deplating process can be operated continuously without 
interruption. 

[0029] Although the ion exchange system 250 has been described above in 
reference to a phosphate electrolyte system containing copper ions, it is believed the 
resin exchange system 250 is useful for removing copper and any other metal ion from 
any wet composition, such as a sulfate composition like sulfuric acid and derivatives 
thereof. Likewise, it is believed the resin exchange system 250 is useful with any wet 
processing system for removing metal ions from solution. For example, it is believed 
the resin exchange system 250 is advantageous for recycling solutions adapted for 
chemical-mechanical polishing, chemical polishing, electropolishing, electrochemical 
deposition, electroless plating, and electroplating. 

[0030] In addition to the ion exchange system 250, embodiments of the present 
invention may provide other methods for reducing the concentration of dissolved 
copper ions in the electrolyte composition 220. For example, the counter first 
electrode 204 may be negatively biased to reduce the copper ions from the electrolyte 
composition 220 during wafer transfer or idle mode. Further, the first electrode 204 
may consist of platinum which releases hydrogen ions into the electrolyte solution 220. 
The dissociation of hydrogen ions reduces the amount of copper ions in the 
electrolyte solution 220. Still further, the second electrode 207 may be porous to 
provide an increased surface area for absorbing copper ions released into the 
electrolyte composition 220. This increased surface area promotes copper ion 
deposition to the second electrode 207, thereby reducing the concentration of the 
copper ions in solution. 

[0031] Still referring to Figure 1, a substrate 114 is disposed on the substrate 
support 130 which may be a polishing head used in a chemical mechanical 
planarization process as shown. The substrate support 130 typically applies a 
pressure in the range of about 0.1 psi to about 6 psi to the substrate surface to be 
electrochemically and mechanically polished. On the substrate support 130, the 
substrate 114 is exposed to the electrolyte composition 220 and contacted with the 
second electrode 207. A bias from a power source 200 is then applied to both 
electrodes 204 and 207. The bias typically ranges from about -15 volts to about 15 
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volts. In one aspect, the positive bias ranges from about 0.1 volts to about 10 volts 
and the negative bias ranges from about -0.1 to about -10 volts. Alternatively, the 
bias may be a current density between about 0.01 and about 40 milliamps/cm 2 for a 
200 mm substrate. The bias may be varied in power and application depending upon 
the user requirements in removing material from the substrate surface. The bias may 
also be applied by an electrical pulse modulation technique, which applies a constant 
current density or voltage for a first time period, then applies a constant reverse 
current density or voltage for a second time period, and repeats the first and second 
steps, as is described in co-pending U.S Patent Application, serial no. 09/450,937, 
entitled "Method And Apparatus For Electrochemical Mechanical Penalization", filed 
on November 29, 1999, which is incorporated by reference herein. 

[0032] To facilitate control of the polishing process, a controller 140 comprising a 
central processing unit (CPU) 142, memory 144, and support circuits 146, is 
connected to the POLISHING station 102. The CPU 142 may be one of any form of 
computer processors that are used in industrial settings for controlling various drives 
and pressures. The memory 144 is connected to the CPU 142, and may be one or 
more of a readily available memory such as random access memory (RAM), read only 
memory (ROM), floppy disk, hard disk, or any other form of digital storage, local or 
remote. Software instructions and data can be coded and stored within the memory 
144 for instructing the CPU 142. The support circuits 146 are also connected to the 
CPU 142 for supporting the processor 142 in a conventional manner. The support 
circuits 146 may include cache, power supplies, clock circuits, input/output circuitry, 
subsystems, and the like. 

[0033] As the process proceeds, the electrolyte solution 220 is cycled through the 
fluid recycle system 272 to remove copper ions dissolved in the electrolyte solution 
220. First, the electrolyte solution 220 flows through the drain 214 of the basin 202 to 
the reservoir 233. The pump 242 transfers the electrolyte solution 220 through the ion 
exchange system 250 and through the nozzle 270 for injection into the basin 202. 

[0034] Various configurations of the ion exchange systems 250 may be employed. 
For example, two or more ion exchange systems 250 may be situated in parallel or 
series, depending on the needs and demands of the processing system. The exact 
nature of piping, valving, and pumps is well known to one skilled in the art of ion- 
exchange technology, and is determined by the volume of the electrolyte composition 
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220, the frequency of plating operations, the composition of the substrates, and the 
required purity of the electrolyte composition 220, for example. 



[0035] Once the resin becomes saturated with bound copper ions, the copper ions 
are stripped from the resin using one or more stripping agents and water. Stripping 
agents, such as ammonium hydroxide (NH 4 OH), sulfuric acid (H 2 S0 4 ), EDTA 
(ethylenediaminetetraacetic acid), tetraethylenepentamine triethylenetetramine, 
diethylenetriamine, ethlylenediamine, phenanthroline, and 

diethylenetriaminetetraacetic acid, have shown to effectively strip the adsorbed copper 
ions from the resin. 

EXAMPLES: 

[0036] The following non-limiting examples are provided to further illustrate the 
advantages and embodiments of the invention. However, the examples are not 
intended to be all inclusive and are not intended to limit the scope of the invention 
described herein above. 

EXAMPLE 1: 

[0037] A copper plated wafer was polished using the following electrolyte solution 
within a modified cell on an Electra® Cu Integrated ECP system, available from 
Applied Materials, Inc. of Santa Clara, California. 

BTA: about 0.4 percent by weight in volume of total solution; 

Ammonium citrate: about 8 percent by weight in volume of total solution; 

Ammonium dihydrogen phosphate: about 20 percent by weight in volume of 

total solution; 

and De-ionized water. 

The electrolyte solution provided a high rate of removal, good planarization, 
and a smooth wafer surface. The electrolyte solution had a pH greater than about 3.0. 

EXAMPLE 2: 

[0038] A copper plated wafer was polished using the following electrolyte solution 
within a modified cell on an Electra® Cu Integrated ECP system, available from 
Applied Materials, Inc. of Santa Clara, California. 
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BTA: about 0.4 percent by weight in volume of total solution; 

Ammonium citrate: about 8 percent by weight in volume of total solution; 

Diammonium hydrogen phosphate: about 20 percent by weight in volume of 

total solution; 

and De-ionized water. 

The electrolyte solution provided a high rate of removal, good planarization, 
and a smooth wafer surface. The electrolyte solution had a pH greater than about 3.0. 

EXAMPLE 3: 

[0039] A copper plated wafer was polished using the following electrolyte solution 
within a modified cell on an Electra® Cu Integrated ECP system, available from 
Applied Materials, Inc. of Santa Clara, California. 

BTA: about 0.4 percent by weight in volume of total solution; 
Ethylenediamine (EDA): about 8 percent by weight in volume of total 
solution; 

Phosphoric acid: about 20 percent by weight in volume of total solution; 
KOH: about 3 percent by weight in volume of total solution; 
and De-ionized water. 

The electrolyte solution provided a high rate of removal, good planarization, 
and a smooth wafer surface. The electrolyte solution had a pH greater than about 4.0. 

[0040] While foregoing is directed to various embodiments of the invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 
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1 . A method for planarizing a surface of a wafer, comprising polishing the wafer in 
an electrolyte composition comprising a phosphate system having a pH from about 3 
to about 10, wherein the wafer is connected to an electrical power source. 

2. The method of claim 1, wherein the phosphate system comprises ammonium 
dihydrogen phosphate, diammonium hydrogen phosphate, or a mixture thereof. 

3. The method of claim 2, wherein the electrolyte composition comprises about 2 
to about 30 percent by weight of ammonium dihydrogen phosphate in volume of total 
solution. 

4. The method of claim 2, wherein the electrolyte composition comprises about 2 
to about 30 percent by weight of diammonium hydrogen phosphate in volume of total 
solution. 

5. The method of claim 1, wherein the electrolyte composition comprises about 2 
to about 30 percent by weight of the phosphate system in volume of total solution. 

6. The method of claim 1 , wherein the electrolyte composition further comprises 
one or more additives selected from the group consisting of benzotriazole, ammonium 
citrate, citric acid, and ammonia. 

7. The method of claim 6, wherein the electrolyte composition further comprises 
one or more additives selected from the group consisting of tetraethylenepentamine, 
triethylenetetramine, diethylenetriamine, ethlylenediamine, amino acids, ammonium 
oxalate, and ammonium succinate. 

8. The method of claim 6, wherein the electrolyte composition comprises about 
0.01 to about 2 percent by weight of benzotriazole in volume of total solution. 

9. The method of claim 6, wherein the electrolyte composition comprises about 2 
to about 15 percent of ammonium citrate by weight in volume of total solution. 
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10. The method of claim 7, wherein the electrolyte composition comprises about 
0.01 to about 2 percent by weight of benzotriazole in volume of total solution and 
about 2 to about 15 percent by weight of ethylenediamine in volume of total solution. 

1 1 . The method of claim 1 , further comprising removing copper atoms from the 
wafer. 

12. A method for planarizing a surface of a wafer, comprising: 
connecting the wafer to a positive terminal of an electrical power source; 
disposing the wafer in an electrolyte composition comprising ammonium 

dihydrogen phosphate, diammonium hydrogen phosphate, or a mixture thereof; and 

removing materials from the surface of the wafer disposed in the electrolyte 
composition. 

13. The method of claim 12, wherein the electrolyte composition has a pH greater 
than about 3 and less than about 10. 

14. The method of claim 12, wherein the electrolyte composition comprises about 2 
to about 30 percent by weight of ammonium dihydrogen phosphate in volume of total 
solution. 

15. The method of claim 12, wherein the electrolyte composition comprises about 2 
to about 30 percent by weight of diammonium hydrogen phosphate in volume of total 
solution. 

16. The method of claim 12, wherein the electrolyte composition further comprises 
one or more additives selected from the group consisting of benzotriazole, ammonium 
citrate, ethlylenediamine, tetraethylenepentamine, triethylenetetramine, 
diethylenetriamine, amino acids, ammonium oxalate, ammonia, ammonium succinate, 
and citric acid. 

17. The method of claim 16, wherein the electrolyte composition comprises about 
0.01 to about 2 percent of benzotriazole by weight in volume of total solution and 
about 2 to about 15 percent of ammonium citrate by weight in volume of total solution. 
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18. The method of claim 16, wherein the electrolyte composition comprises about 
0.1 percent of benzotriazole and about 8 percent by weight of ammonium citrate by 
weight in volume of total solution. 

19. The method of claim 16, wherein the electrolyte composition comprises about 
0.01 to about 2 percent by weight of benzotriazole in volume of total solution and 
about 2 to about 15 percent by weight of ethylenediamine in volume of total solution. 

20. A method for planarizing a surface of a wafer, comprising: 
connecting the wafer to a positive terminal of an electrical power source; 
disposing the wafer in an electrolyte composition comprising a phosphate 

system, a corrosion inhibitor, one or more chelating agents, and pH adjusting agent; 
and 

» 

removing materials from the surface of the wafer disposed in the electrolyte 
composition. 

21. The method of claim 20, wherein the electrolyte composition comprises a 
phosphate system of about 2 to about 30 percent by weight of ammonium dihydrogen 
phosphate in volume of total solution. 

22. The method of claim 20, wherein the electrolyte composition further comprises 
about 2 to about 30 percent by weight of diammonium hydrogen phosphate in volume 
of total solution. 

23. The method of claim 20, wherein the corrosion inhibitor comprises about 0.01 
to about 2 percent of benzotriazole by weight in volume of total solution, the one or 
more chelating agents comprise about 2 to about 15 percent of ethylenediamine, 
ammonium citrate, or combinations thereof, by weight in volume of total solution, and 
the pH adjusting agent comprises potassium hydroxide. 

24. The method of claim 20, wherein the electrolyte composition has a pH greater 
than about 3 and less than about 10. 



25. The method of claim 26, wherein the metal atoms and removed materials 
comprise copper. 
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26. The method of claim 20, further comprising 

providing a wafer having metal atoms disposed on a surface thereof 



27. The method of claim 26, further comprising: 

flowing the electrolyte composition through an ion exchange resin to remove 
the metal ions from the solution; and 

recycling the electrolyte solution to the substrate 

28. The method of claim 26, wherein the electrolyte composition has a pH greater 
than about 3 and less than about 10. 

29. The method of claim 26, wherein the electrolyte composition further comprises 
one or more additives selected from the group consisting of benzotriazole, ammonium 
citrate, ethlylenediamine, tetraethylenepentamine, triethylenetetramine, 
diethylenetriamine, amino acids, ammonium oxalate, ammonia, ammonium succinate, 
and citric acid. 

30. The method of claim 26, wherein the ion exchange resin comprises a chelating 
agent to remove dissolved metal ions from the electrolyte solution, 

31 . An electrolyte composition, comprising about 2 to about 23 percent by weight of 
ammonium dihydrogen phosphate, diammonium hydrogen phosphate, or a mixture 
thereof in volume of total solution. 

32. The electrolyte composition of claim 31, wherein the electrolyte composition 
further comprises one or more additives selected from the group consisting of 
benzotriazole, ammonium citrate, ethlylenediamine, tetraethylenepentamine, 
triethylenetetramine, diethylenetriamine, amino acids, ammonium oxalate, ammonia, 
ammonium succinate, and citric acid. 

33. The electrolyte composition of claim 32, wherein the electrolyte composition 
comprises about 0.01 to about 0.5 percent of benzotriazole by weight in volume of 
total solution and about 2 to about 15 percent of ammonium citrate by weight in 
volume of total solution. 

34. The composition of claim 32, wherein the electrolyte composition comprises 
about 0.01 to about 2 percent of benzotriazole by weight in volume of total solution 
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and about 2 to about 15 percent of ethylenediamine by weight in volume of total 
solution. 



35. A method for planarizing a surface of a wafer, comprising polishing the wafer in 
an electrolyte composition comprising a phosphate system, wherein the wafer is 
connected to an electrical power source. 

36. The method of claim 35, wherein the phosphate system comprises ammonium 
dihydrogen phosphate, diammonium hydrogen phosphate, or a mixture thereof. 

37. A method for planarizing a surface of a wafer, comprising: 
connecting the wafer to a positive terminal of an electrical power source; 
disposing the wafer in an electrolyte composition comprising a phosphate 

system; and 

removing materials from the surface of the wafer disposed in the electrolyte 
composition. 

38. The method of claim 37, wherein the electrolyte composition comprises one or 
more additives selected from the group consisting of benzotriazole, ammonium citrate, 
ethlylenediamine, tetraethylenepentamine, triethylenetetramine, diethylenetriamine, 
amino acids, ammonium oxalate, ammonia, ammonium succinate, and citric acid. 

39. A method for electrochemically polishing a wafer, comprising: 
providing a wafer having metal atoms disposed on a surface thereof; 
disposing the wafer in an electrolyte composition; 

flowing the electrolyte composition through an ion exchange resin to remove 
the metal ions from the solution; and 

recycling the electrolyte solution to the substrate. 
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